Objective: To report a case of drug-induced aseptic meningitis (DIAM) in a patient receiving intrathecal trastuzumab (ITT) for leptomeningeal carcinomatosis (LC) secondary to HER-2/neu positive breast cancer. Case Summary: A 43-year-old female with stage IV breast cancer presented with headache, parasthesias, and aphasia. Brain imaging suggested leptomeningeal enhancement. Adenocarcinoma cells were found on cerebrospinal fluid analysis, and infectious etiologies were excluded. The patient received 30 mg of ITT via Ommaya reservoir and suffered sudden neurologic deterioration within 2 hours. Given the sudden onset of clinical deterioration after ITT administration, it was determined that the patient had suffered from DIAM. The patient suffered progressive neurologic decline and was unable to care for herself any further. Discussion: Treatment for LC remains challenging due to limited clinical experience and the challenging location of the disease. ITT has been used in multiple reports without adverse events. A temporal relationship existed between ITT administration and significant neurologic deterioration, possibly related to DIAM. Our patient was not exposed to any more common causative agents of DIAM. Reasons for her lack of recovery are likely multifactorial. Symptoms of DIAM may have in part been exacerbated by progressive LC; however, prior to ITT, symptoms had shown slow but persistent progression rather than significant, acute changes in severity. Retrial of the offending agent was not attempted due to patient risk; thus, a cause-and-effect relationship cannot be established. This event is a "possible" drug-induced adverse event scoring 2 on the Naranjo algorithm. Conclusions: Use of ITT for LC has been frequently reported in recent literature with substantial efficacy and lack of adverse events. This is the first published report of any significant adverse event associated with ITT. Clinicians need to be aware of the possibility of DIAM with ITT and explore options to prevent or manage this severe complication.
Introduction
Leptomeningeal carcinomatosis (LC) refers to seeding of the leptomeningeal membrane of the central nervous system (CNS) by solid tumor cells. LC is diagnosed in roughly 5% of metastatic breast cancer cases and carries a median survival of less than 3 months with death resulting from progressive neurologic deterioration. [1] [2] [3] Tumor cells access the leptomeningeal membrane via hematogenous dissemination, lymphatic spread, or by direct extension, resulting in symptoms such as headache, mental status changes, cranial nerve palsies, hemiparesis, diplopia, and motor weakness. 1, 3 Diagnosis of LC depends on cerebrospinal fluid (CSF) examination via lumbar puncture (LP) of a patient with prior mentioned symptomatology, previous cancer diagnosis, and radiologic findings suggestive of meningeal enhancement. 1, 3 CSF abnormalities are similar to those found in bacterial meningitis, including elevated opening pressure (>20 cm H 2 O), leukocytosis, elevated protein, and decreased glucose; however, the presence of malignant cells is diagnostic of LC. 3 The optimal treatment of LC is undefined due to limited evidence and clinical experience. Treatment strategies include focal radiation, systemic chemotherapy, and intrathecal chemotherapy. Commonly used chemotherapy agents for LC include intrathecal methotrexate, intrathecal cytarabine, thiotepa, or intravenous high-dose methotrexate. 1 Trastuzumab (Herceptin) is a less studied preservative-freealternative treatment for LC from HER-2/neu positive breast cancer. Trastuzumab acts to inhibit proliferation of HER-2/neu expressing breast cancer cells; however, its systemic use may increase the risk of brain metastases. [4] [5] [6] Molecules with a molecular mass more than 200 Da have poor CNS penetration; as such, systemic trastuzumab (185 kDa) may create a tumor sanctuary site within the CNS. [6] [7] [8] The use of intrathecal trastuzumab (ITT) has been described in multiple published case reports using doses up to 150 mg without any significant adverse effects. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] We describe a patient who developed drug-induced aseptic meningitis (DIAM) within 2 hours of a single dose of ITT.
Patient Case
The patient was a 43-year-old African American female who presented with 7 days of frontal headache, anorexia, vomiting, weakness, bilateral digital parasthesias, ataxia, and expressive aphasia. She denied changes in vision. Her past oncologic history was significant for stage IV metastatic inflammatory breast ductal carcinoma. Her past medical history was significant for type 2 diabetes mellitus, diabetic gastroparesis, and hypertension. At presentation, magnetic resonance imaging (MRI) of her brain and an LP were performed. Imaging suggested leptomeningeal metastases. CSF analysis showed elevated protein, low glucose, 5 red blood cells, 26 white blood cells (26% were lymphocytes, 4% neutrophils), and 58 adenocarcinoma cells, suggesting LC. Infectious etiologies were excluded by negative bacterial and viral cultures of the CSF and negative polymerase chain reaction (PCR) assay for herpes simplex virus (HSV) on 2 separate occasions.
The patient was diagnosed with estrogen receptor positive, stage IIIc inflammatory, invasive ductal carcinoma. The sample was strongly positive for HER-2/neu on immunohistochemistry. Following her diagnosis, she received 6 cycles of neoadjuvant carboplatin, docetaxel, and trastuzumab followed by a modified radical mastectomy, postmastectomy chest wall radiation, and adjuvant weekly intravenous trastuzumab and tamoxifen. After 8 months of trastuzumab and tamoxifen therapy, the patient developed metastases to the lung and liver and developed a malignant pericardial effusion, which was drained. At that time, the patient was changed to a combination of lapatinib, capecitabine, and goserelin. Trastuzumab and tamoxifen were discontinued. After 8 months of therapy, the patient demonstrated progressive disease on imaging studies and was changed to protein-bound paclitaxel and bevacizumab for 1 cycle with disease progression. Next, therapy was changed to gemcitabine and bevacizumab, of which the patient received 3 cycles. On further disease progression, therapy was changed to ixabepilone and bevacizumab, of which the patient received 2 cycles prior to the current hospitalization. Her most recent dose of chemotherapy was 9 days prior to admission. Throughout her treatment course, all chemotherapy agents were administered at FDAapproved or National Comprehensive Cancer Networkrecommended dosages and cycle durations. Unfortunately, the patient failed to achieve durable responses to multiple chemotherapy agents and was admitted with active, uncontrolled disease. About 3 months prior to admission, the patient had an MRI without contrast of her brain, which was negative for metastasis. On admission, the patient was taking the following medications: metformin 500 mg by mouth twice daily, metoprolol tartrate 150 mg by mouth twice daily, metoclopramide 10 mg by mouth 3 times a day prior to meals, and simvastatin 20 mg by mouth at bedtime, all of which the patient had been taking for at least the last 30 days.
On admission, the patient was determined to be a suitable candidate for ITT given her ability to perform activities of daily living and care for herself. Six days after admission, an indium 111 radionuclide cisternogram ruled out CSF flow abnormalities, and an Ommaya reservoir was placed without complications. Prior to ITT, dexamethasone 4 mg intravenous every 6 hours was started, which did yield some improvement in aphasic symptoms and was continued throughout the patient's hospitalization. Twelve days after her admission, she received 30 mg of ITT via Ommaya reservoir, with an initial plan to receive this dose weekly until disease progression. Trastuzumab was selected over more commonly used intrathecal chemotherapy agents (eg, intrathecal methotrexate) due to concerns about methotrexate toxicity and the lack of significant adverse drug events with ITT reported at that time. Although the patient had received systemic trastuzumab in the past, it was thought that the presence of CNS disease was likely related to the inability of trastuzumab to penetrate the CNS when given via the intravenous route. ITT was prepared by a pharmacist specifically trained in preparation of chemotherapy using aseptic technique that complies with USP 797 standards of practice. ITT was prepared by diluting sterile drug to a final volume of 5 mL using preservative-free sterile water for injection rather than the diluent provided by the manufacturer. The Ommaya reservoir was flushed with 5 mL of preservative-free normal saline for injection prior to ITT administration. Within 2 hours of receiving ITT, the patient suffered sudden mental status changes including obtundation, dizziness, urinary incontinence, and severe vomiting. About 4.5 hours after ITT administration, the patient fell and hit her head for which subsequent imaging ruled out intracranial hemorrhage. The Ommaya reservoir was noted to be in place and intact. Small amounts of air in the frontal horns of the lateral ventricles as well as over the right frontal lobe were noted, which were not present on previous imaging and were most likely secondary to Ommaya reservoir use. An electroencephalogram did not suggest seizure activity. The day after receiving ITT, the patient developed new onset dysphasia. Five days after administration, repeat CSF analysis was positive for 9% malignant adenocarcinoma cells, slightly low glucose levels, elevated protein, 3310 red blood cells, and 50 white blood cells, 21% of which were neutrophils. CSF cultures were negative, and PCR was negative for HSV DNA. Six days after ITT, the patient developed new onset left-sided numbness and parasthesias with delayed reaction time and difficulty following commands. A repeat MRI of her brain was performed, which revealed worsening LC. Given the sudden onset of clinical deterioration that ensued after ITT administration, the primary medical team, neurooncologist, and neurosurgeon determined that the patient had suffered a medication adverse event in the form of DIAM. ITT was discontinued and the patient received 7 sessions of whole brain radiation therapy, all with progressive neurologic impairment. The patient ultimately developed worsening dysphagia, hearing loss, dysarthria, parasthesias, and unsteady gait. The patient was discharged to a nursing home after 5 weeks of hospitalization as she was unable to care for herself any further.
Discussion
Treatment for LC remains challenging due to limited clinical experience, poor performance status of patients diagnosed with the condition, as well as the challenging physiologic location of the disease. Treatment goals are palliative with aims of improving or stabilizing neurological status and prolonging survival. Patients are considered good candidates for aggressive treatment if life expectancy is more than 3 months and are able to carry out activities of daily living mostly on their own. 20 Our patient met these criteria given her initial absence of major neurological deficits.
Historically, commonly used intrathecal chemotherapy for management of LC included methotrexate, cytarabine, liposomal cytarabine, and thiotepa. Widespread use of trastuzumab brought reports of successful treatment of LC related to HER2/neu positive breast cancer with ITT, using various schedules and doses ranging from 5 to 150 mg every 3 days to every 3 weeks. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] ITT combinations with methotrexate, cytarabine, and hydrocortisone 18 as well as prednisolone 19 have been reported with the absence of adverse effects. ITT also caused no significant adverse effects when up to 15 mg weekly was administered via intrathecal infusion to cynomolgus monkeys. 21 Our patient did not receive intrathecal corticosteroid because this was not described in the literature at the time of drug administration. The majority of case reports of ITT do not describe the concentration of the drug administered into the CSF; however, Stemmler and colleagues reported using a drug concentration of approximately 21 mg/mL without any reported adverse effects. 12 The concentration of ITT used in our patient case was 6 mg/mL. Despite the lack of adverse effects previously reported, a clear temporal relationship existed in our patient between ITT administration and significant decline in neurologic status, possibly related to DIAM.
DIAM is an uncommon adverse event reported with numerous agents mostly in the form of anecdotal case reports. Drugs most frequently implicated in DIAM include systemically administered sulfamethoxazole/trimethoprim, β-lactam antibiotics, nonsteroidal anti-inflammatory drugs, and intravenous immune globulin. [22] [23] [24] [25] Our patient was not exposed to any of these more common causative agents during her hospitalization. In general, agents administered intrathecally pose the greatest risk of DIAM; however, agents administered parenterally have also been implicated. 22 Intrathecal cytarabine, methotrexate, and thiotepa have been implicated as causes of DIAM 20 ; however, our patient never received any of these agents. Symptoms of DIAM, such as headache, fever, nausea, vomiting, and general malaise, are nonspecific and may mimic those of bacterial meningitis. 22, 23 More serious cases may present with confusion, vertigo, hypotension, photophobia, psychomotor agitation, and seizure-like activity. 22, 23 Such symptoms typically appear within 24 to 48 hours of exposure to the offending agent. 22 DIAM can occur on exposure to a drug the patient has previously tolerated, 24 as may be the case with our patient who previously tolerated systemic trastuzumab. Most cases follow a relatively benign course and resolve without permanent sequelae within 7 days. 22, 23 The pathophysiology behind DIAM is likely multifactorial, including immune-related hypersensitivity reactions as well as direct irritation of the meninges by the drug. [22] [23] [24] [25] DIAM is a diagnosis of exclusion in which infectious etiologies are previously excluded. CSF analysis yields a pleocytosis with a neutrophilic predominance, with elevated protein and normal to decreased glucose concentrations. 20, 22, 23 The only confirmatory diagnosis of DIAM is rechallenge of the offending agent in a controlled hospital setting; however, such a trial carries significant risks. 22, 25 On discontinuation of the offending agent, symptoms and CSF abnormalities usually resolve. In our case, typical symptoms of DIAM, including headache, nausea, vomiting, and confusion, developed within a reasonable time period after drug administration (roughly 2 hours); however, they did not resolve within the typical time period after drug discontinuation. These mental status changes were a significant decline from previously stated complaints prior to admission.
Reasons for her lack of recovery after discontinuation of ITT may be multifactorial. It is possible that her symptoms of DIAM were in part exacerbated by progressive LC that was nonresponsive to a single dose of ITT; however, prior to ITT administration symptoms had shown slow but persistent progression rather than significant, acute changes in disease severity. Persistence of symptoms may be related to prolonged drug exposure as it is unknown how long trastuzumab persists in the CSF. Retrial of the offending agent was not attempted due to risk of severe clinical deterioration; thus, a definitive cause-and-effect relationship cannot be established. Repeat LPs were performed on days 2 and 5 post administration of trastuzumab and were consistent with findings typical of DIAM: elevated protein concentrations, leukocytosis with a neutrophil predominance, and low glucose levels. Infectious etiologies were excluded as bacterial cultures and HSV PCR were both negative on 2 separate occasions. Her symptoms could in part be explained by air pocket formation in the frontal horns of the lateral ventricles as well as over the right frontal lobe, which was identified on MRI after ITT administration; however, these pockets were not identified on subsequent MRIs, yet symptoms continued to persist. In addition, aseptic meningitis has been identified as the most common complication of medication administration via Ommaya reservoir. 20 Despite this risk, guidelines recommend medication delivery via Ommaya reservoir over serial LPs due to complications associated with the LP procedure, improved drug delivery and pharmacokinetics, lower interpatient variability, and improved patient comfort. 1 Given the temporal relationship of signs and symptoms of DIAM compared to ITT administration, trastuzumab-induced DIAM remains the most likely cause of our patient's clinical deterioration. This adverse event is a "possible" drug-induced adverse reaction with a score of 2 using the Naranjo algorithm, 26 taking into account the lack of symptom improvement after drug discontinuation, lack of rechallenge, and other possible explanations for the patient's clinical deterioration.
Conclusion
LC represents a rare but serious complication of metastatic breast cancer for which minimal treatment options exist. In recent years, several reports have described use of ITT alone or in combination with cytotoxic chemotherapy with favorable clinical outcomes and lack of considerable adverse effects. We described the case of a patient diagnosed with LC who developed DIAM after receiving a single dose of 30 mg of ITT-the first significant adverse drug event reported with this agent when administered directly into the central nervous system. Clinicians who care for patients with this rare complication of breast cancer need to be aware of the possibility of DIAM with ITT and explore therapeutic options to prevent or better manage this possible adverse event.
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